About 70%o of all Enterobacter cloacae strains tested possessed one of two species-specific 3-lactamases. These enzymes, E. cloacae ,B-lactamase A and E. cloacae ,-lactamase B, with isoelectric points of 8.8 and 7.8, respectively, had the same pH and temperature optima. Both showed similar enzyme kinetics and were inhibited by cloxacillin but not by p-chloromercuribenzoate. E. cloacae 3-lactamase B appeared to be identical with the enzyme of E. cloacae P99. By a mutation in a regulatory gene, inducible enzyme production could be converted into constitutive expression. In E. cloacae, both enzymes did not hydrolyze thirdgeneration cephalosporins, but they were solely responsible for resistance toward these drugs. This was demonstrated by the characterization of Escherichia coli strains expressing an identical resistance pattern after transfer of the corresponding Enterobacter gene.
performed by Gootz et al. (5) , who proved that the heterogeneous susceptibility of clinical E. cloacae strains to cefamandole is caused by derepression of the chromosomal P-lactamase.
In addition to strains resistant to the ,3-lactamase-sensitive cephalosporins, E. cloacae strains resistant to third-generation 1-lactamasestable cephalosporins, such as cefotaxime, can be isolated. It seems striking that a 3-lactamase which is unable to hydrolyze these agents may be responsible for resistance. In this regard, Then and Angehrn (25) proposed that thirdgeneration cephalosporins are not inactivated by hydrolysis but by a kind of trapping mechanism, or that other intrinsic factors (13, 28) are involved in this process.
In this paper we give evidence that (i) there are mainly two chromosomal ,3-lactamases in E.
cloacae strains, (ii) that resistance to thirdgeneration cephalosporins arises by mutation to constitutive production of the P-lactamases, and (iii) that these P-lactamases are solely responsible for the resistance. In addition, we provide enzymatic data to characterize these enzymes.
MATERIAULS AND METHODS Bacteril sra. A total of 61 cefotaxime-susceptible E. cloacae strains, isolated in 1979 from clinical specimens, were used for the epidemiological study. Five of these strains (E. cloacae 314, 352, 150, 988, and 149) were used to generate cefotaxime-resistant mutants. A W after the strain number indicates the wild type, and an M indicates the mutant derivative. E. cloacae strains 208, 163, 5, 2091, and 159 were resistant to cefotaxime and were isolated in 1981 from clinical material. E. cloacae P99 (11, 20) , 55M (5) , and GN7471 (13) were used as reference strains. E. coli XC33 (Hsr-, Rif, Nal') (26) was used as a recipient. E. coli BP100 is E. coli XC33 carrying the 1-lactamase gene from E. cloacae 208 on plasmid pBP100. This plasmid is a derivative of RP4 mini-Mu (26) coding for the lactamase TEM-2 and the Enterobacter 0-lactamase with an isoelectric point (IP) of 8.8. E. coli DCO VOL. 23, 1983 and DC2 were kindly provided by M. H. Richmond (19) .
Drugs. Selection of mutants. An overnight culture of susceptible bacteria was diluted 20-fold with fresh Ni medium and grown to approximately 108 CFU/ml. The culture was centrifuged, the pellet was suspended in 1/10 of the original volume, and 0.1 ml of the suspension was plated onto Ni agar containing 10 j.g of cefotaxime per ml.
Colonies which developed within 48 h were picked and purified on antibiotic-free medium, and single colonies were tested for resistance. Resistant mutants were used for further experiments.
Induction of j-lactamase. To test quickly for the cefoxitin inducibility of a f3-lactamase, we placed a cefoxitin disk beside the cefotaxime disk on a susceptibility plate (22) . If the lactamase was inducible, the inhibitory zone of cefotaxime was not round but halfmoon shaped. For liquid cultures, induction was performed as described by Minami et al. (14) with the sole modification that Ni medium was used. The concentration of cefoxitin was 1 to 2 jig/ml.
RESULTS
Correlation between the occurrence of 13-lactamases and resistance patterns in cliniical E. cloacae strains. A total of 61 recently isolated cefotaxime-susceptible clinical isolates of E. cloacae were tested for their susceptibility to cefoxitin, cefamandole, mezlocillin, azlocillin, and piperacillin, and their P-lactamases were analyzed by analytical isoelectric focusing. The results of the test allowed the division of these strains into four classes (Table 1) . Bacteria belonging to class I were susceptible to all tested agents, and no P-lactamases could be detected on polyacrylamide gels, even after induction with cefoxitin. Class II organisms were resistant to the ureidopenicillins due to a TEM-type 3-lactamase but were susceptible to cefoxitin and cefamandole. All bacterial strains included in groups III and IV possessed a P-lactamase with an IP of 7.8 or 8.8. Strains having these ,Blactamases needed additional TEM enzymes (group IV) to inactivate the ureidopenicillins. Only with the cefoxitin-resistant strains (classes (26) with the aid of a mobilizing plasmid. The resulting Rprime (pBP100) conferred cefotaxime resistance, with an MIC of 64 ,ug/ml for E. coli. The details of these genetic experiments will be given elsewhere. The properties of the P-lactamase produced by the transconjugant strain E. coli BP100 will be analyzed in parallel with those of the P-lactamases of the Enterobacter strains (see below).
MICs of various cephalosporins and hydrolytic activity of the chromosomal ,B-lactamase. The
MICs of first-, second-, and third-generation cephalosporins were determined with several cefotaxime-resistant clinical isolates and mutants of E. cloacae. All of the strains listed in Table 2 exhibited high resistance even to cephalosporins known to be P-lactamase stable.
Moxalactam and azthreonam had somewhat lower MICs, but these were still higher than those for the cefotaxime-susceptible strains (352W (Table 3) . Although these strains were highly resistant to third-generation cephalosporins, little or no hydrolytic activity was seen. With cephaloridine as a substrate, all of the cephalosporins mentioned in Table 3 , as well as azthreonam (100 ,uM), acted as inhibitors of the P-lactamases.
Properties of the chromosomal 1I-lactamases.
To compare the chromosomal P-lactamases of our E. cloacae strains with the chromosomal 1-lactamases of E. cloacae P99 (11, 20) , GN7471 (13) , and 55M (5), we determined the pH and temperature optima, the inhibition of cloxacillin and p-chloromercuribenzoate, and the IPs. The pH optimum was measured for the enzymes of E. cloacae 352M, 5, 159, 208, 988M, P99, 55M, and GN7471 and of E. coli BP100 with cephaloridine as a substrate for pH values of 5.5 to 9.0. The pH curve did not show a sharp maximum. above. In addition to a major band at pH 7.8 or The highest activities were found between pH 8.8, several satellite bands occurred in the alka-8.0 and 8.5. The optimal temperature at pH 7.0 line region. with cephaloridine as a substrate was 40°C. ,3-Enzymatic kinetics of the chromosomal ,3-lactalactamases in our strains were totally inhibited mases. The kinetic properties of enzymes from in the presence of 0.1 mM cloxacillin, whereas E. cloacae 208, representing a P-lactamase with lmM p-chloromercuribenzoate had no inhibi-an IP of 8.8, and strain 352M, representing a Ptory effect. The IPs of the P-lactamases from lactamase with an IP of 7.8, were studied. The cefotaxime-resistant mutants and clinical iso-substrate saturation curves of the two chromolates were 7.8 for strains 352M, 150M, 5, and somal P-lactamases with cephaloridine, cefazo-2091 and 8.8 for strains 314M, 988M, 149M, 208, lin, and cefotiam did not follow Michaelis-Men-163, and 159. Figure 1 shows the IPs of the ten kinetics but exhibited a higher degree enzymes from E. cloacae P99 and GN7471 in function. Therefore, Km values could not be comparison with the P-lactamases described obtained from Lineweaver-Burk plots. The satu- t e s u . . . w . ; . * t . 8 ration curve and the corresponding LineweaverBurk plot with cefazolin for the enzyme of strain 352M are shown in Fig. 2 . Only with cephalothin was it possible to obtain a hyperbolic saturation curve and to calculate Km values from a Lineweaver-Burk plot (Fig. 3) . The Km values of cephaloridine, cefotiam, and cefazolin were calculated directly from the curve. At substrate concentrations above 100 ,uM, the 43-lactamases were subjected to substrate inhibition. The maximal reaction velocity (Vma,) could be determined at a distinct part of the curve, and therefore, Km Table 4 . As previously mentioned, cephalosporins can act as potent inhibitors of p-lactamase (see also reference 15).
We therefore examined the type of inhibition with cefotaxime (0.2 ,uM) and measured the inhibitor constant. The determination of K, by the Dixon plot could only be calculated with cephalothin as a substrate. The two chromosomal p-lactamases showed a very high affinity towards cefotaxime. The Ki values of the enzymes of E. cloacae 208 and 352M were 0.047 and 0.065 ,uM, respectively.
Cefotaxime influenced the maximal reaction velocity as well as the Km. The type of inhibition with cephaloridine, cefazolin, cephalothin, and cefotiam was a mixed type of competitive and noncompetitive inhibition.
DISCUSSION
According to Sykes and Matthew (24) , it appears probable that all bacteria produce at least one chromosomally mediated ,B-lactamase and that these enzymes are specific for genus, species, and subspecies. In their comparative studies, enzymes with an IP of about 7.6 seem to be species specific for E. cloacae. This study demonstrates the existence of two species-specific p-lactamases in E. cloacae, designated E. cloacae f-lactamase A (IP, 8.8) and E. cloacae $3-lactamase B (IP, 7.8). The latter type is identical with the P99 enzyme. Both P-lactamases A and B are normally inducible, but by mutation, plactamase production is constitutive. The enhanced enzyme synthesis leads to resistance towards both 13-lactamase-labile and 5-lacta- Enterobacter strains were found to be resistant to cefoxitin (18) .
It is obvious that the natural resistance of 70% of all E. cloacae strains towards cefoxitin is due to these enzymes since all these strains produce one of these ,B-lactamases (23) . Cefoxitin is the most effective inducer of all cephalosporins (14) , and the same enzyme produces cefoxitin resistance in E. coli after the transfer of the E. cloacae P-lactamase A gene into this species.
In cefotaxime-resistant clinical isolates, the same species-specific P-lactamases occur, but in these strains they are produced constitutively.
Because of the high mutation rate and the alteration of the amount of P-lactamase produced, we conclude that the resistance is due to a single-step mutation in a regulatory gene. This confirms experiments with E. cloacae mutants which show temperature-sensitive expression of their 13-lactamase (5). The enzymes in our strains are related to those already described. The enzyme from E. cloacae P99 (11, 20) has the same IP, pH optimum, temperature optimum, and inhibition properties as E. cloacae ,-lactamase B. The resistance patterns of the host cells producing the enzymes are also identical. In our hands, the IP of the lactamase from E. cloacae 55M (5) (28) , and others have suggested that a barrier determined by ,B-lactamases is one mechanism of resistance to ,Blactam antibiotics. A similar suggestion has been put forth by Minami and co-workers (14) . They presumed that the contribution of the ,B-lactamase to the resistance of E. cloacae strains to ,Blactam antibiotics is one of the factors included in intrinsic resistance.
We have proved that the constitutive production of one of the two species-specific E. cloacae ,B-lactamases, and not any Enterobacter-specific property, is the only reason for the resistance. Whether the binding of the drug to the enzyme, an undetectable hydrolysis of the drug, or a ,Blactamase-determined permeation barrier is responsible for the resistance remains to be determined.
